Su Y, Carey LC, Rose JC, Pulgar VM. Antenatal glucocorticoid exposure enhances the inhibition of adrenal steroidogenesis by leptin in a sex-specific fashion. Am J Physiol Endocrinol Metab 304: E1404-E1411, 2013. First published April 30, 2013; doi:10.1152/ajpendo.00013.2013.-Antenatal treatment with glucocorticoids (GC) poses long-lasting effects on endocrine and cardiovascular function. Given that leptin attenuates adrenal function and the reported sex differences in plasma leptin concentration, we hypothesized that antenatal GC will affect leptin levels and leptin modulation of adrenal function in a sexspecific manner. Pregnant sheep were randomly given betamethasone or vehicle at 80 days of gestational age, and offspring were allowed to deliver at term. Adrenocortical cells (ADC) were studied from male and female animals at 1.5 yr of age. Plasma leptin was increased 66% in male and 41% in female GC-treated animals (P Ͻ 0.05), but adrenal leptin mRNA was increased only in GC-treated males (P Ͻ 0.05). Whereas mRNA expression of adrenal leptin receptor isoforms showed sex (Ob-Ra and Ob-Rb) and treatment-dependent (Ob-Rb) differences, protein expression remained unchanged. GC-treated females showed greater plasma cortisol and greater ACTH-stimulated cortisol production (P Ͻ 0.05) in ADC. Leptin exerted a greater inhibitory effect on basal and stimulated cortisol by ADC from GC-treated males (P Ͻ 0.05), with no differences in females. Similarly, greater inhibitory effects on basal and ACTH-stimulated StAR and ACTH-R mRNA expression by leptin were observed in cells from GC males (P Ͻ 0.05), with no changes in females. Persistent effects of antenatal GC on leptin levels and leptin modulation of adrenal function are expressed in a sex-specific manner; males are more sensitive than females to the inhibitory influences of leptin on adrenal function, and this effect appears to be mediated by a greater inhibition of StAR and ACTH-R expression in adrenals of adult GC-treated males.
leptin; betamethasone; adrenal responsiveness; adrenocorticotropic hormone receptor; steroidogenic acute regulatory protein SYNTHETIC GLUCOCORTICOIDS (GCs) such as betamethasone are widely administered to pregnant women at risk for premature delivery (30) to improve lung development and survival among premature infants born before 34 wk of gestation. Major concerns have arisen about the impact of GC treatment on cardiovascular and endocrine development, and some longlasting programming effects of antenatal GC treatment on the hypothalamic-pituitary-adrenal (HPA) and stress responses have been observed in humans (8, 10, 11, 40, 57) . However, information regarding the mechanisms of long-term effects of antenatal GC exposure on the HPA axis (HPAA) is limited. Alterations in the regulation of the HPAA after prenatal GC have been observed in the adult guinea pig (14) , whereas in sheep, repeated but not single prenatal betamethasone administration inhibits cortisol production in adults (44) . Recent evidence obtained in sheep indicates that the effects of antenatal GC treatment on HPAA activity extend to the second generation offspring (25) , but there is a dearth of studies examining whether there are sex-related differences in the effects of antenatal GC exposure on HPAA function.
Leptin is a 16-kDa hormone that acts as a satiety signal in the central nervous system, and it has been proposed to be the link between obesity, diabetes, and cardiovascular risk (37, 63) . Although leptin was originally thought to act largely via the central nervous system, studies have demonstrated that leptin exerts a wide repertoire of peripheral effects through its direct actions on target tissues, including the adrenal (2, 17, 22, 34, 45, 64) . Evidence of leptin-HPAA interactions includes the inhibition by leptin of corticotropin-releasing hormone release from hypothalamic explants and blunting of plasma ACTH and cortisol responses to restraint (20) as well as inhibition of cortisol production by adrenocortical cells (2) , among others (5) . Our recent demonstration that leptin administration decreases expression of fetal adrenal steroidogenic enzymes suggests one in vivo mechanism of this HPAA inhibition at the level of the adrenal gland (50) .
Sex-based differences in leptin levels, with women having higher levels of leptin than men (27) , are independent of variations in total body fat mass (9, 19, 35, 36, 62) , suggesting that women may display leptin resistance. Moreover, leptin receptors are ubiquitously expressed, including the short Ob-Ra and long Ob-Rb isoforms in the adrenal (4, 24, 28, 50) , and sex differences have been observed in expression of leptin receptors (19) . However, whether or not there are any interactions between leptin and antenatal GC exposure influencing adrenal function in adulthood is not known.
We hypothesize that antenatal GC will affect leptin levels and leptin modulation of adrenal steroidogenesis differently in male and female adult sheep. Therefore, we measured plasma levels of leptin and cortisol along with leptin expression in adrenal tissue as well as mRNA and protein levels for adrenal leptin receptors in adult male and female sheep that were exposed before birth to betamethasone or vehicle. Considering that adrenal responsiveness to ACTH, a key factor in cortisol production, is dependent upon the upregulation of the steroidogenic acute regulatory protein (StAR) and the ACTH receptor (ACTH-R), we also determined the effects of leptin on cortisol production, StAR, and ACTH-R mRNA expression levels in basal and ACTH-stimulated conditions in adrenocortical cells (ADC) from these animals.
MATERIALS AND METHODS
Animal preparation. Pregnant sheep were randomly treated with a single course of betamethasone [1:1 mixture of betamethasone acetate and betamethasone phosphate (Celestone Soluspan; Schering, Kenilworth, NJ)] in two maternal intramuscular doses (0.17 mg/kg with a maximum of 12 mg) or vehicle 24 h apart at 80 and 81 days of gestation (term ϳ145 days). This regime of betamethasone administration was chosen because it is equivalent to that currently used in clinical practice. The time of administration (60% of gestation) is comparable with a gestational age of ϳ24 wk in humans and was chosen considering that more than 50% of pregnant women receiving antenatal steroids are treated between 23 and 28 wk of gestation (60, 61) . In addition, the administered dose of betamethasone was equivalent to the dose a 70-kg pregnant woman would receive. The pregnant sheep were allowed to deliver at term. Offspring were weaned at 3 mo of age after spontaneous delivery and transferred to the laboratory at 1.5 yr of age for study. Animals were instrumented with intravascular catheters as described by us (51) . Animals were maintained on a normal diet, with free access to tap water in our Association for Assessment and Accreditation of Laboratory Animal Care International-approved facility with a 12:12-h light-dark cycle. At least 5 days after surgery, while animals were conscious and resting in stalls, blood samples were taken, blood was centrifuged immediately after collection, and plasma was separated into aliquots and stored at Ϫ80°C for later analysis. After blood collection, animals were euthanized with an overdose of Euthasol (Virbac). A total of 31 adult animals were used: 15 males (control, n ϭ 6; GC-treated, n ϭ 9) and 16 females (control, n ϭ 6; GC-treated, n ϭ 10), with equivalent numbers of animals coming from twin pregnancies in each sex (males, n ϭ 2; females, n ϭ 2). Because of some technical issues, not all of the determinations were performed in each animal. All of the procedures for animal housing, management, and euthanasia were approved by Wake Forest University's Institutional Animal Care and Use Committee.
Leptin ELISA. Plasma leptin concentrations were measured with a commercial ELISA kit (Multispecies Leptin Assay; Linco Research, St. Charles, MO) using recombinant ovine leptin standards. Calibration curves made using recombinant ovine leptin standards and the recombinant human leptin standards (provided with the kit) were similar. Previously, this kit has been reported to detect ovine leptin (13) , and no differences have been observed in biological activity between ovine and human leptin (12, 15) . The sensitivity of measurement was 1 ng/ml of recombinant ovine standard. The intra-and interassay coefficients of variation were 8.7 and 8.1%, respectively.
Cell culture. Adrenal glands from control and GC-treated male and female animals were isolated at necropsy, cleaned, and weighed, and the medulla was gently peeled out. Cortical cells were dispersed in 0.4% collagenase type I (Worthington Biochemical, Lakewood, NJ) for 2-3 h, washed, centrifuged through 60% Percoll (Sigma, St. Louis, MO), resuspended in DMEM-Ham's F-12 containing 10% fetal calf serum, counted, and plated in six-well-plates at a density of 4 ϫ 10 5 cells/well. Treatments were identical for cells from control and GCtreated male and female animals, and at least two wells per animal were studied. On day 3 of culture, after 72 h at 37°C in 5% CO 2, cells were rinsed two times with DMEM-Ham's F-12 medium containing 0.1% Polypep (Sigma) and then incubated with human leptin (10 or 100 ng/ml) or medium alone for 24 h. On day 4 of culture, cells from the three groups were treated with medium alone (basal conditions) or medium containing ACTH (1.5 ϫ 10 Ϫ10 M, stimulated conditions, Cortrosyn; Organon, West Orange, NJ) for 3 h. This concentration of ACTH has been demonstrated in our laboratory to produce half-maximal cortisol secretion from ovine cells (41) . After incubation with ACTH 1-24, culture medium was stored at Ϫ20°C until it was assayed for cortisol, and cells were harvested for RNA and protein extraction.
Cortisol measurements. Cortisol concentrations in plasma and culture medium from basal or ACTH 1-24-stimulated cells were measured using commercial RIA kits, following the manufacturer's instructions (MP Biomedical, Orangeburg, NY). The sensitivity of measurement was 0.7 ng/ml. The intra-and interassay coefficients of variation were 6.8 and 9.5%, respectively.
RNA isolation. Leptin and leptin receptor isoform mRNA expression was determined in adrenal tissue. Total RNA from adrenal cortex tissue was extracted using Trizol reagent (GIBCO-BRL, Carlsbad, CA) according to the manufacturer's recommendations. StAR and ACTH-R mRNA expression was determined in isolated adrenocortical cells, and total RNA from cells was prepared using an RNA preparation kit, following manufacturer's instructions (Qiagen).
Quantitative real-time RT-PCR. The quantitative real-time RT-PCR was performed using methods that we have described previously and validated (50) . RNA from cells and adrenal tissues was quantified by measuring absorbance at 260 nm, and 1 g of total RNA was reverse-transcribed in a 20-l reaction mixture using an ABI High Capacity cDNA Archive Kit according to the manufacturer's instructions (Applied Biosystems, Foster City, CA). Leptin, Ob-Ra, Ob-Rb, ACTH-R, and StAR mRNA were measured by quantitative real-time RT-PCR, using TaqMan PCR as described as before (50) . Taqman PCR was performed on the cDNA samples using an ABI Prism 7500 Sequence Detection System (Applied Biosystems). For each gene tested (see Table 1 ), PCR primers were designed from the sheep sequences with Genbank accession numbers AY278244 (Ob-Ra gene for leptin receptor short form), U62124 (Ob-Rb gene for leptin receptor long form), AF290202 (STAR gene for StAR), AF116874 (MC2R gene for ACTH-R), and NM_000230 (human leptin gene). Glyceraldehyde 3-phosphate dehydrogenase (Genbank accession no. U94889) was used as control. The relative quantification of target gene expression was done using the comparative cycle threshold (C T) method, where the CT variable is defined as the cycle number at which the fluorescent signal generated by cleavage of the dual-labeled probe is first detectable. C T values for Lep, Ob-Ra, Ob-Rb, StAR, and ACTH-R were corrected for the CT of GAPDH in each sample based on the within-sample deviation for GAPDH (⌬CT) from the average for the housekeeping gene before quantification of mRNA for these genes of interest.
Isolation of total protein extracts. Cells were homogenized in cold 50 mM Tris·HCl (pH 7.5), 0.1 mM EDTA, 0.5 mM DTT, and protease inhibitor cocktail (1:200 diluted; Sigma) and the homogenates centrifuged for 8 min at 2,000 g at 4°C. Protein concentration in the resultant supernatant was measured using Bradford reagent, and the total protein extract was used for Western blot analysis.
Western blot analysis of leptin receptors. Protein samples (50 g of cellular membranes) were loaded and separated on a 12% SDS- 
Nucleotide sequences are 5=-3=. MC2R, ACTH receptor; StAR, steroidogenic acute regulatory protein; leptin, human leptin gene; Ob-Ra, leptin receptor, short form; Ob-Rb, leptin receptor, long form. polyacrylamide gel. Proteins were transferred onto a polyvinylidene fluoride membrane and blocked with 5% nonfat dry milk in 0.05% Tween-20 in Tris-buffered saline for 60 min at room temperature before incubation with the rabbit polyclonal antibodies against Ob-Ra and Ob-Rb isoforms (Santa Cruz Biotechnology, Santa Cruz, CA), and immunoreactive proteins were visualized using the enhanced chemiluminescence method as described by the manufacturer and exposed to Amersham Hyperfilm ECL. Autoradiograms were quantified by scanning densitometry, and the results are reported in arbitrary optical density units.
Statistical analysis. Results are expressed as means Ϯ SE. Twoway ANOVA was used for statistical evaluation. Data from leptintreated cells are expressed as percent of inhibition relative to mediatreated cells. Statistical significance was considered as a P value of Ͻ0.05. Plasma and adrenal leptin levels. In control animals, higher plasma leptin values were observed in females compared with males, although these differences did not attain statistical significance (P ϭ 0.08; Fig. 1A ), whereas GC treatment elevated male and female plasma leptin significantly (P Ͻ 0.05; Fig. 1A ). Higher levels of adrenal leptin mRNA expression were observed in GC-treated males, with no differences in females (Fig. 1B) .
RESULTS

Animal weights.
Leptin receptor isoforms in adrenal cortical cells. Ob-Ra mRNA isoform expression was significantly higher in males than in females (F ϭ 18.2, P Ͻ 0.001), with no changes due to GC treatment ( Fig. 2A) . In terms of Ob-Ra protein expression, no differences were observed between sexes or treatments (Fig.  2B) . Ob-Rb mRNA isoform expression was significantly higher in males than in females (males Ͼ females, F ϭ 5.7, P Ͻ 0.03), and there was a treatment (GC-treated Ͼ control, F ϭ 16.9, P Ͻ 0.001) effect (Fig. 3A) . No differences were observed in Ob-Rb protein expression (Fig. 3B) .
Plasma cortisol and ADC basal and ACTH-stimulated cortisol secretion. Basal plasma cortisol levels were higher in GC-treated compared with control females (P Ͻ 0.05; Fig. 4B) , with no effects of GC treatment on males (Fig. 4A) . Basal cortisol secretion by adrenocortical cells from male ( Fig. 4C) and female (Fig. 4D) animals showed no differences. The rise in cortisol secretion following in vitro ACTH stimulation was significantly higher in cells from treated females compared with cells from the other groups (P Ͻ 0.05; Fig. 4, E and F) .
Effects of leptin on cortisol production by ovine adrenocortical cells. Preincubation with leptin [10 ng/ml (Lep 10) or 100 ng/ml (Lep 100)] reduced basal and ACTH-stimulated cortisol secretion from adrenocortical cells in control as well as GCtreated male and female animals. In cells from males, the percentage of suppression of basal cortisol production was higher in GC-treated animals incubated with Lep 100 (effects of treatment, F ϭ 6.78, P Ͻ 0.01; Fig. 5A ), whereas there was no effect of GC treatment on leptin-induced suppression of basal release in female cells (Fig. 5B ). Both Lep 10 (F ϭ 11.39, P Ͻ 0.005) and Lep 100 (F ϭ 7.45, P Ͻ 0.01) incubations induced greater suppression of ACTH-stimulated cortisol production in ADC from GC-treated males (Fig. 6A ) compared with cells from control animals. Following Lep 10 (F ϭ 12.17, P Ͻ 0.005) or Lep 100 (F ϭ 4.61, P Ͻ 0.05) incubations, ACTH-stimulated cortisol inhibition was greater in males compared with females (Fig. 6, A and B) . In females, the inhibitory effects of leptin on ACTH-stimulated cortisol production were not different between control and treated animals (Fig. 6B) .
StAR and ACTH-R mRNA basal expression in ovine adrenocortical cells. StAR (effects of treatment, F ϭ 5.69, P Ͻ 0.05) and ACTH-R (effects of treatment, F ϭ 10.02, P Ͻ 0.01) mRNA basal expression were higher in ADC from GC-treated animals, as shown in Fig. 7, A and female animals. In males, the suppression of basal StAR mRNA expression was higher in cells from GC-treated animals incubated with Lep 100 (effects of treatment, F ϭ 7.48, P Ͻ 0.01; Fig. 8A ), whereas there was no effect of GC on basal expression in females (Fig. 8B ). Both Lep 10 (F ϭ 6.78, P Ͻ 0.05) and Lep 100 (F ϭ 15.38, P Ͻ 0.001) incubations induced greater suppression of ACTH-stimulated StAR mRNA expression in GC-treated male cells (Fig. 9A) . Following Lep 10 (F ϭ 11.61, P Ͻ 0.004) or Lep 100 (F ϭ 8.13, P Ͻ 0.01) incubation suppression of ACTH-stimulated StAR mRNA expression was greater in GC-treated males compared with females (Fig. 9, A  and B) . The inhibitory effects of leptin on ACTH-stimulated StAR mRNA expression in cells from female control and treated animals were similar (Fig. 9B) . Lep 10 or Lep 100 reduced basal and ACTH-stimulated ACTH-R mRNA expression in adrenocortical cells from control as well as GC-treated male and female animals. No treatment-dependent differences were observed on basal ACTH-R mRNA expression in ADC from male or female animals (Fig. 10, A and B) . Both Lep 10 (F ϭ 5.04, P Ͻ 0.05) and Lep 100 incubations (F ϭ 6.47, P Ͻ 0.05) induced greater suppression of ACTH-stimulated ACTH-R mRNA expression in GC-treated male cells compared with cells from vehicle-treated animals (Fig. 11A) . Following Lep 100 (F ϭ 5.58, P Ͻ 0.05) incubation, inhibition of ACTHstimulated ACTH-R mRNA expression was greater in GCtreated males compared with females (Fig. 11, A and B) . In females, the inhibitory effects of leptin remained unchanged between control and treated animals on ACTH-stimulated ACTH-R mRNA expression (Fig. 11B ).
Effects of leptin on ACTH-R expression in ovine adrenocortical cells. Preincubation with
DISCUSSION
This study shows that prenatal exposure to GCs alters the impact of leptin on adult adrenal function in a sex-specific manner. This sex-related difference is evident in the suppression of cortisol production by leptin, which was greater in ADC from steroid-treated males and is associated with increased adrenal leptin mRNA levels in the betamethasoneexposed males. Our results also show that the greater inhibition of adrenal function by leptin may be at least partially explained by a greater suppression of StAR and ACTH-R expression in males.
In addition to the reported long-lasting effects of antenatal GCs on cardiovascular responses, our results provide evidence of a sex difference in the persistent effects of antenatal GCs on leptin modulation of adrenal function. Our findings of increased plasma levels of leptin in GC-treated animals are consistent with observations in humans, indicating that GCs stimulate leptin secretion by adipocytes and that dexamethasone increases leptin expression and secretion (43) . Although differences in plasma leptin levels between sexes did not reach statistical significance, the trend we observed for greater plasma leptin in females is in agreement with several human studies that show greater plasma leptin in women, and given that plasma leptin is proportional to fat mass, this has been A B taken as evidence that women may be more resistant to the effects of leptin (35, 36, 46) . Considering that leptin signaling may be modulated by changes in the Ob-R leptin receptor, we sought to analyze leptin receptor levels in GC-treated male and female sheep. We demonstrated that leptin Ob-Ra receptor mRNA expression levels were lower in females, with no effects of sex difference or GC treatment, and no differences were observed in Ob-Ra protein expression. Significant treatment and sex difference effects were observed in Ob-Rb mRNA expression levels, and similarly to Ob-Ra, no differences were observed in Ob-Rb protein expression. Our results showed sex-and GC-specific effects on leptin receptor isoform mRNA, with no effects on protein expression. These results indicate that effects at the transcriptional level are not always transmitted directly to the protein translation levels.
Plasma cortisol was greater in GC-treated females, with no differences in males. We observed no differences in basal production of cortisol by ADC, whereas ACTH-stimulated production was again higher in GC-treated females. Leptin treatment of ADC in culture led to an inhibition of cortisol release (basal and ACTH stimulated) in all groups studied, confirming the predominantly inhibitory effects of leptin on steroidogenesis (2, 32, 52) . In male ADC under basal conditions, Lep 100 induced a greater inhibition than Lep 10, whereas in ACTH-stimulated cells, both leptin doses are equally effective. Also, leptin inhibition was greater in cells from male GC-treated than control animals, with none of these effects observed in female ADC. The greater inhibition of ACTH-stimulated cortisol production by leptin observed in GC male cells suggests that GC-treated females (with less leptininduced inhibition) are more responsive to ACTH in vivo, as reflected by increased plasma cortisol levels in this group.
The StAR protein regulates cholesterol delivery to the P450scc enzyme located in the inner mitochondrial membrane (7, 47) , and its induction by ACTH is a key element in the rate-limiting step of steroid hormone biosynthesis (7, 47, 48) . Since decreased expression of StAR has been associated with the inhibitory effect of leptin on adrenal responses (6), we intended to gain insight into whether in GC-treated animals the effects of leptin on cortisol production could be associated with an altered expression of StAR mRNA. We found that leptin attenuates basal and ACTH-stimulated steroidogenesis in ADC and prevents the hormone-induced increase in StAR mRNA steady-state levels. Preincubation with leptin also had a greater inhibitory effect on ACTH-stimulated ACTH-R mRNA expression. The greater effects on StAR and ACTH-R are limited exclusively to ADC from GC-treated males, with no effects of GC on the leptin-induced inhibition in cells from females. These data suggest that antenatal treatment with GCs programs the inhibition of steroidogenesis by leptin by affecting expression levels of adrenal steroidogenic enzymes in a sex-specific manner.
Steroidogenesis is highly dependent on intracellular cyclic AMP (cAMP) levels (49) that are controlled through synthesis by adenylyl cyclase and degradation by phosphodiesterase (PDE). Since we observed no differences in leptin protein receptor expression, the more pronounced leptin-dependent suppression of StAR and ACTH-R expression in cells from GC-treated males may result from GC-induced sex differences in the interaction between adrenal leptin and steroidogenic transduction pathways. In terms of the mechanisms involved in the actions of leptin, the modulation of cAMP levels by PDEs appears to be an important mediator of leptin intracellular signaling. Leptin-dependent activation of human platelets requires PDE3A (16) , and leptin inhibits insulin secretion and gene expression in pancreatic ␤-cells in a process involving cAMP-dependent signaling (42) and phosphoinositide 3=-kinase (PI3K)-dependent activation of PDE3B (65) . The role of the PI3K/PDE3B pathway in mediating leptin intracellular signaling in hypothalamic neurons has also been proposed (38, 39) . Similarly, in human granulosa cells, leptin inhibits cAMPstimulated StAR protein expression through a leptin-induced MAPK signal transduction pathway (23) . All of these effects were demonstrated to be dependent on activation of leptin receptor transduction pathways. It has been shown that activation of PDEs also plays a role in the regulation of adrenal steroidogenesis (54, 56) , and recent reports have suggested a relevant role of the cAMP-specific PDE8 in regulating adrenal steroidogenesis in mice (53) . Moreover, knockout mice for PDE8B display adrenal ACTH hypersensitivity, which may be explained partially by an increase in mRNA levels of StAR and ACTH-R, with no variations in levels of other steroidogenic enzymes (55) . In a human adrenocortical cell line, leptin activity has been shown to activate PDE3 and thus interfere with cAMP-mediated responses (21) . Taken together, these data suggest that PDE activation by leptin is responsible for the inhibition on adrenal function that we observed in ADC. Moreover, the existence of PDEs with different affinities for cAMP (53, 56) makes it possible that different PDEs participate in leptin regulation of basal and ACTH-stimulated steroidogenesis, when different cAMP levels would be present.
In terms of the sex differences we observed in adrenal responses to leptin, a sex dependence on expression levels of PDE1A and PDE3B has been shown in endothelial cells derived from male and female rats in culture, with male cells having higher PDE1A and lower PDE3B compared with female cells (58) . A greater expression of any of the PDE enzymes in the male adrenal and the consequent greater effect of their activation by leptin may explain the greater inhibitory effects of leptin in male ADC that we observed in this study.
PERSPECTIVES AND SIGNIFICANCE
The results of this study emphasize two general points related to the "fetal programming" or the "developmental origins of health and disease" hypothesis. The first is that administration of a single course of a clinically relevant dose of betamethasone at 60% of gestation in pregnant sheep produces sex-specific effects on pituitary adrenal function in the adult offspring. The treatment we used does not alter birth weight, suggesting that it does not change fetal growth rate (18, 51) , nor does it impact weight in adulthood. However, multiple treatments with different glucocorticoids at a later gestational age have been shown to reduce birth weight in sheep (26) . In humans the majority of studies have not found reduced birth weights with a single course of antenatal glucocorticoids (33, 59) , but there are some conflicting data in the literature (3) . The mechanisms by which GCs modulate fetal growth require further investigation. In the present work, administration of betamethasone to pregnant ewes at 80 -81 days of gestation results some 400 -450 days later in male/female differences in the ability of leptin to modulate adrenal function. That is, it produces what appears to be a relatively permanent endocrine change. The second finding is that this change retains its sex-specific nature in adult adrenal cells removed from the body and cultured in an artificial environment lacking the normal endocrine milieu found in vivo. For all practical purposes, this appears to be a phenotypic change that is different depending upon the sex of the animal exposed to antenatal glucocorticoids. These fundamental sex differences may contribute to the observed in vivo differences in normal and pathological endocrine responses between males and females and highlight the importance of considering the original sex of the cells used in in vitro cell culture research. How these changes are accomplished is fundamentally important, and much work needs to be done to understand the mechanisms involved.
Since preterm birth continues to be a major clinical obstetrical issue, the use of antenatal GCs as standard of care in cases of risk of preterm delivery is expected to continue. It is reported that antenatal GCs are given to more than 70% of women threatened by preterm delivery (29) , and that number appears to be rising (31) . The sex-specific changes induced by antenatal GCs on the adult endocrine responses we observed highlight the importance of considering sex difference in the study (1) and development of therapeutic strategies for antenatally programmed adult diseases.
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